UNCLASSIFIED 

security  classification  of  this  page  (Whti  Dmtm  Entmfd) 

I REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

AFRRI  SR76-42  

4.  TITLE  (mi<t  Subtitle) 

PRIMATE  PHYSICAL  ACTIVITY  FOLLOWING  EX- 
POSURE TO  A SINGLE  4600-RAD  PULSED  DOSE  OF 
MIXED  GAMMA-NEUTRON  RADIATION 

7.  AUTHORf*; 

C.  G.  Franz,  L.  Clark  andJ.  W.  Cable 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Armed  Forces  Radiobiology  Research  Institute 
Defense  Nuclear  Agency  (AFRRI) 

Bethesda.  Maryland  20014 

I 1.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Director 

Defense  Nuclear  Agency  (DNA) 

Washington.  D.  C.  20305 

U.  monitoring  agency  NAME  A AOORESS(Trd//r«ranf  from  ControtUng  OUlC9) 


1 16.  DISTRIBUTION  STATEMENT  <e(  ehia  Report) 


^1^  Approved  for  public  release;  distribution  unlimited 


[ 17.  distribution  STATEMENT  (of  tho  mbotrmct  entered  In  Block  20,  it  difforont  from  Roport) 


19.  SUPPLEMENTARY  NOTES 


1 19.  KEY  WORDS  ^Continue  on  reeeree  e/de  It  neceeeery  end  Idontlfy  by  block  numbor) 


READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

3.  RECIPIENT’S  CATALOG  NUMBER 


5.  type  of  report  & PERIOD  COVERED 


6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBERfe) 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  & WORK  UNIT  NUMBERS 

NWED  QAXM 
A 904  01 

12.  REPORT  DATE 

August  1976 

13.  NUMBER  DF  PACES 

19 

15.  SECURITY  CLASS,  (ol  Ihim  nport) 


UNCLASSIFIED 


15*.  DECLASSIFICATION/ downgrading 
SCHEDULE 


2<L  ABSTRACT  (Cootlmio  mmrmrormm  eMe  ft  iieceeeery  mtd  Identify  Mock  nusiber) 

The  objective  of  this  study  is  to  determine  the  effects  of  high  neutron  (n/y  = 3) 
radiation  on  the  performance  of  a physical  activity  task.  This  paper  reports  the  ef- 
fects of  a 4600-rad  pulse  (n/y  = 3,  pulse  width  = 50  msec)  on  the  performance  capa- 
bility of  10  male  rhesus  monkeys  trained  to  operate  a physical  activity  wheel  as  a 
nonmotorized  treadmill.  The  pattern  of  postexposure  incapacitation  was:  (1)  an  early 
onset  of  incapacitation  with  80  percent  of  the  animals  being  incapacitated  within  8 


EOIT10M  OF  1 NOV  S9  IS  OBSOLETE 


UNCLASSIFIED 

security  CLASSIFICATION  OF  THIS  PAGE  f»h«.  Dmtm  Entmrmd) 


1 


UNCLASSIFIED 

5ECUWITY  CLASSIFICATION  OF  THIS  PAC6firii«n  Dmim  8<iCf«rj 

20.  ABSTRACT  (continued) 

minutes  postexposure;  (2)  an  apparent  recovery  from  incapacitation  with  only 
30  percent  of  the  animals  incapacitated  between  45  and  70  minutes  postexposure; 
(3)  a steady  increase  in  the  number  of  animals  exhibiting  incapacitation  until  60 
percent  were  incapacitated  between  105  minutes  and  the  end  of  the  test  period  6 
hours  postexposure.  At  24  hours  postexposure,  90  percent  of  the  animals  were 
incapacitated.  Group  mean  performance  for  animals,  when  not  incapacitated, 
was  58+9  percent  of  base  line  throughout  the  6-hour  test  period.  Survival  time 
of  the  group  ranged  from  7 to  132  hours  with  a mean  of  37  hours.  Earlier 
work  has  suggested  that  there  are  differences  in  the  postirradiation  response 
of  restrained  animals  and  unrestrained  physically  active  animals.  This 
observation  is  of  considerable  interest  to  the  military  services  which  have 
many  missions  that  require  movement  or  physical  activity  for  combat  effective- 
ness. This  study  addresses  this  militarily  relevant  question. 
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SUMMARY 

(Nontechnical) 


The  majority  of  studies  investigating  primate  behavior  following  exposure 
to  high  doses  of  ionizing  radiation  have  used  animals  confined  to  restraint  chairs 
and  trained  to  perform  a learned  task  requiring  little  physical  movement.  The 
objective  of  this  study  is  to  determine  the  effects  of  high  neutron  (n/y  = 3)  radi- 
ation on  the  performance  of  a physical  activity  task.  This  paper  reports  the  ef- 
fects of  a 4600-rad  pulse  (n/y  = 3,  pulse  width  = 50  msec)  on  the  performance 
capability  of  10  male  rhesus  monkeys  trained  to  operate  a physical  activity  wheel 
as  a nonmotorized  treadmill. 

The  pattern  of  postexposure  incapacitation  was;  (1)  an  early  onset  of  in- 
capacitation with  80  percent  of  the  animals  being  incapacitated  within  8 minutes 
postexposure;  (2)  an  apparent  recovery  from  incapacitation  with  only  30  percent 
of  the  animals  incapacitated  between  45  and  70  minutes  postexposure;  (3)  a 
steady  increase  in  the  number  of  animals  exhibiting  incapacitation  until  60  per- 
cent were  incapacitated  between  105  minutes  and  the  end  of  the  test  period  6 
hours  postexposure.  At  24  hours  postexposure,  90  percent  of  the  animals  were 
incapacitated.  Group  mean  performance  for  animals,  when  not  incapacitated, 
was  58  + 9 percent  of  base  line  throughout  the  6-hour  test  period.  Survival  time 
of  the  group  ranged  from  7 to  132  hours  with  a mean  of  37  hours. 
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The  majority  of  studies  investigating  primate  behavior  following  exposure 
to  high  doses  of  ionizing  radiation  have  used  animals  confined  to  restraint  chairs 
and  trained  to  perform  a learned  task  requiring  little  physical  movement.  ® 

Three  AFRRI  studies^*®’®  evaluating  the  effects  of  ionizing  radiation  on  the 
overall  performance  of  unrestrained  animals  exposed  to  a radiation  field  with  a 
neutron-gamma  ratio  of  0. 4 showed  that  performance  on  a task  requiring  phys- 
ical activity  (traversal  of  a 3 x 6 foot  chamber)  was  more  severely  degraded  fol- 
lowing irradiation  than  performance  on  a task  requiring  little  physical  movement. 

A fourth  study2  that  separated  the  physical  activity  task  from  the  cognitive  task 
showed  that  performance  of  a physical  activity  task  was  more  affected  than  per- 
formance of  a cognitive  task.  In  addition,  Thorp  and  Young  found  that  neutrons 
are  less  effective  than  gamma  radiation  in  producing  incapacitation  in  an  animal 
performing  a cognitive  task.  ® 

The  objective  of  this  study  is  to  determine  the  effects  of  high  neutron 
(n/y  = 3)  radiation  on  animals  performing  a physical  activity  task.  This  report  | 

is  an  evaluation  of  the  ability  of  rhesus  monkeys  to  perform  a physical  activity  i 

task  following  exposure  to  4600  rads  (n/y  = 3,  pulse  width  = 50  msec). 

METHODS 

Ten  male  monkeys  (Macaca  mulatta)  averaging  45  months  of  age  and  weigh- 
ing an  average  of  5.7  kg  were  studied.  Individual  age,  v/eight,  dose,  and  sur- 
vival information  are  given  in  Appendix  A (Table  A-1).  All  animals  were  fasted  ! 

i 

for  18  hours  prior  to  base-line  and  postexposure  testing.  The  animals  were  | 

i 

I 

housed  in  a primate  colony  room  and  transported  ir  a Plexiglas  box  to  a non-  | 

motorized  activity  wheel.  3 | 

I 

Each  animal  was  exercised  for  2 hours  per  day  for  8 weeks  to  condition 
it  to  the  point  where  an  alternating  10-minute  run,  5-minute  rest  cycle  could 
be  maintained  for  6 hours  without  serious  fatigue.  Running  behavior  was  main- 
tained by  a shock-motivated  free-operant  reinforcement  schedule  with  visual  and 
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auditory  cues  during  the  activity  sessions  (Table  1).  A tone  and  light  began 
approximately  30  seconds  before  the  wheel  became  free  to  rotate.  An  animal 
could  indefinitely  avoid  a brief  electrical  shock  by  rotating  the  wheel  at  or  above 
a rate  of  1 mph.  If  the  rotation  rate  exceeded  5 mph  at  any  time,  a motorized 
brake  automatically  increased  the  drag  on  the  wheel  until  the  rotation  rate 
dropped  below  5 mph.  During  rest  periods,  there  were  no  visual  or  auditory 
cues  and  the  brake  held  the  wheel  in  a fixed  position. 

Table  1.  Visual  and  Auditory  Cues  to  Acceptable  Performance  and  the 
Criterion  for  the  Onset  of  Brief  Shocks 


mph 

Tone 

(BPM) 

Lights 

Shock 

Shock  zone 

0-1 

90 

green 

. 4-sec  pulse  * 
every  1.3  sec 

Shock  avoidance 
danger  zone 

1-3 

90 

green 

none 

Shock  avoidance 
safe  zone 

3-5 

60 

white 

none 

Overspeed  zone 

5 and  up 

30 

red 

none  t 

* .4-sec  pulse  once  every  minute  during  incapacitation 
+ Brake  moves  to  on  position 
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Following  8 weeks  of  training,  each  animal  was  base-line  tested  for  2 
hours  in  the  reactor  exposure  room  and  4 hours  in  the  training  room.  Five  days 
(normal  training  schedule)  later,  each  animal  was  transported  in  a Plexiglas  box 
to  the  exposure  room  for  a 10-minute  pretest  to  detect  any  significant  changes  in 
the  animal's  performance.  If  pretest  performance  was  80  to  120  percent  of  per- 
formance achieved  during  the  first  10  minutes  of  the  base-line  test  the  animal 
was  placed  in  a squeeze  box  and  exposed  to  a single  whole-body  dose  of  mixed 
gamma-neutron  radiation  (pulse  width  = 50  msec;  n/y  = 3. 1).  The  radiation 
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exiTOSure  was  monitored  with  miniature  ionization  chambers.  This  exposure  was 
multiplied  by  an  experimentally  derived  factor  of  0. 77  to  obtain  the  midline  tis- 
sue dose  (MTD).'^ 


Five  seconds  after  exposure,  the  animal  was  released  from  the  squeeze 
box  into  the  activity  wheel  and  tested  immediately.  Initial  postirradiation  test- 
ing lasted  6 hours  and  followed  the  same  regimen  as  the  base-line  test.  The  ani- 
mals were  then  tested  for  2 hours  each  day  until  death.  During  training,  base- 
line and  postexposure  testing,  the  animals  were  visually  monitored  by  closed 

circuit  television®  for  changes  in  their  physical  condition  and  for  emesis.  ’ 

The  rate  of  rotation  and  number  of  revolutions  were  permanently  recorded 
on  a strip  chart.  Each  animal's  performance  on  the  postexposure  test  was  ana- 
lyzed for  each  10-minute  session  to  determine  the  number  of  incapacitations, 
the  amount  of  time  each  animal  was  incapacitated  and  his  performance  level 
when  not  incapacitated.  An  animal  was  considered  to  be  incapacitated  when  he 
did  not  perform  for  a period  of  1 minute  and  was  considered  to  have  recovered 
when  he  performed  continuously  regardless  of  the  speed  for  1 minute.  The  level 
of  performance  was  determined  by  comparing  postirradiation  performance  with 
base-line  performance. 

RESULTS 

Within  3.  7 to  7. 5 minutes  postexposure  (x  = 5. 1)  incapacitation  occurred 
|,  in  80  percent  of  the  animals.  Recovery  from  early  incapacitation  occurred  in 

'■j  all  cases  by  45  minutes  postexposure.  Exact  times  of  onset  and  recovery  and 

the  duration  of  all  incapacitations  are  listed  in  Appendix  A (Table  A-3).  During 
the  first  2 hours  postirradiation,  the  percent  of  the  group  incapacitated  (Figure 
la)  at  any  time  during  a 10-minute  activity  session  dropped  from  80  percent  in 
the  first  10  minutes  to  30  percent  between  45  and  70  minutes  then  rose  steadily 
^ to  60  percent  between  105  and  115  minutes  postexposure.  Between  2 and  6 

I hours  postirradiation,  50  to  70  percent  of  the  group  were  incapacitated  at  some 

I time  during  every  10-minute  session.  Ninety  percent  of  the  animals  were 
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I 1 INCAPACITATED  FOR  SOME  PART  OF  THE  lO-min  WORK  PERIOD 


INCAPACITATED  FOR  THE  ENTIRE  10-min  WORK  PERIOD 


TIME  POSTIRRADIATICN 


TIME  POSTIRRADIATION 


Figure  1.  a.  Percent  of  group  incapacitated  for  1 to  10  minutes  during  a work 
period,  b.  Percent  of  total  av'ailable  time  the  group  lost  to  incapac- 
itation for  each  work  period,  c.  Mean  performance  level  when  not 
incapacitated  for  each  10-minute  work  period.  (Raw  data  in  Appendix, 
Table  A-4. ) 
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incapacitated  when  tested  24  hours  postirradiation.  Some  animals  were  incapac- 
itated for  an  entire  10-minute  work  period  (Figure  la).  Thirty  percent  of  the 
animals  were  incapacitated  for  complete  work  periods  between  15  and  40  min- 
utes postirradiation.  At  45  to  70  minutes  postexposure,  some  incapacitation 
occurred,  but  none  lasted  for  the  entire  work  period.  From  75  minutes  post- 
exposure to  the  end  of  the  6-hour  test,  20  to  60  percent  of  the  group  remained 
incapacitated. 

An  alternative  to  examining  the  incidence  of  incapacitation  is  to  consider 
the  percentage  of  time  the  group  was  incapacitated.  For  any  specific  10-minute 
work  period  the  percent  of  time  the  group  was  incapacitated  (Figure  lb)  was 
computed  by  summing  the  durations  of  all  incapacitations  and  dividing  by  the  to- 
tal available  work  time.  The  group  was  incapacitated  37  percent  of  the  work 
period  0-10  minutes  postirradiation  and  52  percent  of  the  work  period  15-25  min- 
utes postirradiation.  The  percent  of  time  incapacitated  decreased  to  a low  of 
~16  percent  between  45  and  70  minutes  postirradiation,  then  increased  to  50  per- 
cent at  105-115  minutes  postexposure.  The  percent  of  time  the  group  was  ;n- 
capacitated  remained  at  ~50  percent  for  the  rest  of  the  6-hour  test. 

To  evaluate  postirradiation  performance  decrement  the  rate  of  wheel  ro- 
tation postirradiation  (RPMpj)  was  compared  to  base-line  RPMg  for  each  10- 


RPMpj 

minute  work  period  ( ppjyj  ) • Animals  incapacitated  for  an  entire  work  period 
were  deleted  from  the  group.  The  performance  of  animals  incapacitated  for  part 
of  the  10  minutes  was  computed  only  for  that  portion  of  the  time  that  the  animal 
was  not  incapacitated.  The  group  mean  performance  level  (Figure  Ic)  was  58 
+ 9 percent  of  base  line  for  the  6-hour  test  period. 

Four  animals  vomited  postexposure,  three  at  ~45  minutes  and  one  at  ~60 
minutes  postirradiation  (Appendix,  Table  A-2).  Survival  times  ranged  fi’om  7 
to  132  hours  with  a mean  survival  time  of  37  hours  (Appendix,  Table  A-1). 
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Appendix  A 


Detailed  Data  on  Animals 


Table  A-1.  Animal  Data 


ANIMAL  # 

AGE  (Mo.) 

VfT  (kg) 

MTD  (Rads)* 

POST  IRRADIATION 
SURVIVAL  (Hrs) 

HI-5 

42 

6.1 

4730 

36.0 

E-35 

NA  + 

4.9 

4600 

36.0 

F2-14 

NA 

5.9 

4625 

14.5 

22 

26 

4.4 

4800 

28.5 

E-38 

42 

5.7 

4600 

36.0 

C-4-6 

52 

5.9 

4570 

7.0 

C45 

72 

7.0 

4600 

16.0 

C-4-4 

48 

6.9 

4600 

29.0 

K-338 

35 

4.4 

4665 

36.0 

A-4-38 

42 

5.3 

4496 

132.0 

Upper  Limit 

72 

7.0 

4800 

132.0 

Group  Mean 

45 

5.7 

4628 

37.7 

Lower  Limit 

26 

4496 

7.0 

*MTO  (Rads  = Midline  tissue  dose  in  rads) 
*Not  available 


Table  A-2.  Postirradiation  Emesis 


ANIMAL  # 

TIME  POSTIRRADIATION  fllNUTES) 

NUMBER  OF 

EPISODES  OF  VOMITING 

22 

44 

1 

C4-5 

44 

1 

C4-4 

40 

1 

46 

1 

K3-38 

60  to  62 

6 

12 


Table  A-3.  Incapacitations 


Animal 

number 

Onset 

(min) 

Recovery 

(min) 

Duration 

(min) 

HI-5 

4.0 

22. 1 

18. 1 

23.6 

32.5 

8.9 

38. 1 

46,  8 

8.8 

52.4 

55.4 

3.0 

66.3 

67.4 

1.0 

69.6 

76.3 

8.3 

92.7 

109.7 

15. 1 

111.9 

160.4 

48.5 

172.2 

185.0 

12.8 

188.8 

200.0 

11.2 

342.3 

352.0 

9.7 

E-35 

3.7 

46.8 

43.2 

47.  8 

62.2 

14.3 

63.3 

65.5 

2.2 

66.5 

- 

- 

F-2-14 

4.  1 

48.  8 

44.  7 

50.2 

53.9 

3.7 

68.  7 

156.  3 

87.  7 

157.3 

169.  1 

11.  8 

171.8 

172.8 

1.  0 

173.  8 

174.  8 

1.0 

176.9 

186.3 

9.4 

187.3 

190.3 

3.  0 

191.8 

217.0 

26.2 

221.0 

239.  0 

18.0 

278.0 

294.5 

16.5 

296.0 

297.8 

1.8 

311.4 

312.4 

1.0 

357.0 

- 

- 

22 

5.  1 

6.  1 

1.0 

7.3 

8.3 

1.0 

E-3S 

3.7 

47.7 

43.  4 

98.  2 

99.  2 

1.  0 

107.0 

108.  1 

1.1 

Animal 

number 

Onset 

(min) 

Recovery 

(min) 

Duration 

(min) 

E-38 

114.2 

126.0 

11.8 

(conid) 

127.  7 

129.2 

1.5 

133.6 

134.6 

1.  0 

144.3 

150.0 

6. 1 

161.  9 

191.0 

29. 1 

C-4-6 

85.4 

- 

- 

C-4-5 

C-4-4 

7.5 

10.  7 

3.2 

15.7 

25. 1 

9.4 

31.4 

34.6 

3.2 

79.9 

87.  9 

8.0 

98.9 

104.7 

5.  8 

109.6 

121.7 

12.  1 

134.0 

311.5 

177.5 

315.6 

- 

- 

K-3-38 

5.  9 

20.6 

14.7 

37.  1 

40.6 

3.4 

180.  0 

298.0 

118.0 

326.0 

375.0 
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